The analytical procedure based on stir-bar sorptive extraction technique, for the determination of selected pesticide residues (diazinon, malathion, cyprodinyl, penconazole, fludioxonyl, pyriproxyfen, boscalid, pyraclostrobin) is described. Analysis was performed using the commercial Twister TM stir bar for sorptive extraction. It consists of a 2.0-cm-long glass-encapsulated magnetic stir bar externally coated with PDMS. The extracts were off-line analyzed using fast GC-MS in SIM mode. Optimized conditions were established as follows concerning extraction time, stirring speed, aqueous medium characteristics (ionic strength and polarity) respectively: 120 min (700 rpm), addition of 4 g of sodium chloride, no addition of methanol as organic modifier, and 30 min ultrasonic desorption in acetonitrile. Recoveries ranged from 38 % to 58 % (RSD < 15 %, n = 6). Validated limits of quantification in matrix were between 1.6 ngL −1 and 548.8 ngL −1 , depending on the compound.
INTRODUCTION
Pesticide is a general term that includes a variety of chemical and biological products used to kill or control living organisms such as rodents, insects, fungi and plants (The Pesticides Safety Directorate, UK 2008b). They are used in agriculture to increasing productivity. Some pesticides are highly toxic, non bio-degradable and persist in the environment for a very long period of time (George et al., 2011) .
Many pesticides are harmful to the environment and are known or suspected to be toxic to human. Their adverse effects on human health may include acute neurologic toxicity, chronic neuro-development impairment, possibly dysfunction of the immune, reproductive and endocrine systems or cancer and many others. Pesticides and their metabolites find their way into the human body through the food chain and the water cycle.
Pesticides in environmental water are generally present at such levels that their determination requires the use of preconcentration techniques.
EEC
Directive 98/83/EC has established a maximum allowed concentration of 100 ngL −1 for individual pesticides and related products, and of 500 ngL −1 for total pesticides in drinking water and 1000 -3000 ngL −1 in surface water. Reliable confirmatory methods are required to monitor pesticide in water, to ensure the safety of water. Solid phase extraction is widely accepted as an alternative to laborious and time consuming liquid-liquid extraction for the trace determination of organic contaminants in aqueous samples.
In recent years, many techniques have been applied to the extraction of pesticides from environmental samples (Hrouzková et al., 2011) . Organic compounds from aqueous sample matrices can be analyzed by various extraction and enrichment methods such as liquid-liquid extraction (Tankiewicz et al., 2010) , solid phase extraction (Sánchez-Avila et al., 2011; Carvalho, et al., 2008; Dujakovič et al., 2010; Postigo et al., 2010) , or headspace and purge-and-trap techniques for the most volatile compounds (Popp et al., 2001 ).
In combination with liquid chromatography, SPE is the most common technique for the extraction of dissolved organic compounds in environmental water samples. In the past two decades, analytical chemists gave much attention to solvent-free sample preparation techniques, namely green techniques that are based on sorptive extraction using a polymeric stationary phase. Those techniques include solid phase micro-extraction (SPME) and stir bar sorptive extraction (SBSE). Indeed, sorptive extraction has proven to be an interesting technique as it requires little quantity of water samples and organic solvents, and then it is an environmentally friendly alternative to liquid extraction or solid phase extraction (Baltussen et al., 1999) . The most widely used sorptive extraction phase is polydimethylsiloxane (PDMS) (Lucena et al., 2012) .
The objective of this study was the development and validation of a method based on SBSE technique and subsequently analyzed by fast GC-MS. Developed method was applied for analysis of river water.
MATERIALS AND METHOD DEVELOPMENT
Pesticide standards and internal standards were obtained from different sources with purity > 95 % (Dr. Ehrensdorfer, Augsburg, Germany; Bayer, Leverkusen, Germany; Cheminova, Harboore, Denmark; Agrovita, Ivanka pri Dunaji, Slovak Republic). Individual standard stock solution of pesticides was prepared at concentration 1 mg/mL in toluene (Merck KGaA, Darmstadt, Germany) and consequently composite stock standard solution at concentration 20 ng/μL in toluene was prepared. Additional dilutions needed for preparation of calibration standards were done with acetonitrile (MeCN) (Merck KGaA, Darmstadt, Germany).
GC-MS analysis
GC -MS measurements were performed on an Agilent 6890N GC system coupled to an Agilent 5973 mass-selective detector equipped with a programmed temperature vaporizer (PTV) and an Agilent 7683 autoinjector. MS with electron impact ionization (EI) mode (70 eV) was operated in a selective ion monitoring (SIM) mode. For each pesticide 2 or 3 specific ions were selected (Tab. I) and sorted into groups; the used dwell time was 10 ms. PTV was operated in solvent vent mode. Chromatographic separation was performed under a temperature program for column: 60 °C(1.75 min), 60 °C/min to 150 °C, 23.8 °C/min to 300 °C (1.90 min). The injection volume was 2 μL and after each injection. Helium of 5.0 purity (Linde Technoplyn, Bratislava, Slovak Republic) was used as a carrier gas in constant flow mode. Microbore chromatographic column CP-Sil 8 CB (Varian, Middelburg, The Netherlands) with 5 % diphenyl 95 % dimethylsiloxane stationary phase 15 m × 0.15 mm I.D. × 0.15 μm was utilized and it was connected to a nonpolar deactivated precolumn (1 m×0.32 mm I.D.) for focusation purposes.
Development of the stir bar for sorptive extraction procedure
The commercial Twister TM stir bar for sorptive extraction obtained from Gerstel was used. It consists of a 2.0-cm-long glass-encapsulated magnetic stir bar externally coated with PDMS.
First we established the SBSE experimental conditions that would provide high recovery yield and good precision for the pesticides. For the development step, studies were carried out with pure water spiked with a selection of pesticides. The main parameters which could influence SBSE efficiency were optimized: extraction profile (time and stirring speed), aqueous medium characteristics (ionic strength and polarity) and back-desorption solvents and time.
The volume of water sample was 20 ml. The effect of ionic strength on the extraction process was evaluated by adding 2 g of NaCl -5 g of NaCl. The extraction time was optimized (30 min -180 min) using 700 -1000 rpm. Desorption volume 100 and 200 μl was checked. Back desorption of the analytes by organic solvents was 2001 -2002) achieved by ultrasonic treatment of these vials in an ultrasonic bath 15 min. 20 mL of the water was filled in a glass vial, which was closed with a pre-assembled septure closure cap after adding the stir bar, and extracted for 150 min at a stirring speed of 700 rpm. After extraction, the stir bar was collected with a magnetic stirring bar retriever, dried with a paper tissue, put in a 2 mL screw cap vial equipped with a 250 μL glass insert which in turn was filled with 200 μL acetonitrile and time of desorption was 30 min. After desorption, we injected 2 μL of the extract into the GC-MS system. (Tab. II)
After back desorption step, the stir bars were reconditioned by sonication during 15 min in 10 mL of methanol/acetonitrile (50:50, v/v). This complete cleanup procedure was applied to each stir bar after extraction. Contamination levels on the clean stir bars were regularly controlled by analyzing blanks; and we noticed that stir bars could not be reused after extraction of water sample containing at least one pesticide with concentration higher than 10000 ngL −1 .
Calibration
The linear dynamic range of the method was determined under optimized experimental conditions with matrix-matched standards (n = 5). Pure water (20 mL) was spiked at 5 different concentration levels of pesticides covering all the dynamic range (5, 10, 100, 500, 1000 ngL 
Recovery study
Pesticide-free water was fortified with analytes before sample preparation, and after sample preparation procedure prepared at identical analyte concentrations. Samples were fortified at the concentration levels 5 ngL −1 and 100 ngL −1 and samples were evaluated by analysing six fortified water samples on the same day. Relative standards deviations (RDS %) for repeatability are given in Tab. IV.
Carryover
To study carry over effect, blanks were run after every extraction of pesticides on all concentration levels used. No significant signals were obtained, which ensure a complete desorption of studied pesticides.
LOD, LOQ
The limits of detection were estimated as the concentration of analytes that produce 3 times higher signal than the noise level. The LOQ is defined as the concentration of analytes that produce a signal equal 10 times the noise level. The calculated LOD and LOQ are listed in detail in Tab. III. The detection and quantification levels are low enough to guarantee a reliable detection of all pesticides in real river water by a very simple, fast and reproducible residue screening for quality control of water. 
RESULTS AND DISCUSSION
Sample preparation procedure -off-line stir-bar sorptive extraction:
According to SBSE theory (Baltussen, 1999) , equilibrium of the analytes between the PDMS polymeric coating of the stir bar and water matrix correlates strongly with the hydrophobic characteristics of analytes. Extraction time is one of the most important conditions affecting this equilibrium. Experiments to estimate the most suitable equilibrium time were performed by making assays from 30 min to 180 min for all the pesticides, at room temperature. Ionic strength is another important factor that can play a decisive role in enhancing extraction efficiency. An increase in ionic strength reduces the affinity of the aqueous matrix for the more polar analytes in comparison with the affinity of the PDMS coating of the stir bar. Consequently, the amount of pesticides extracted by the stir bar could be increased if the solubility of these analytes in water is reduced by addition of salt to change the ionic strength of the medium. However, because high salt concentrations could affect the stability of PDMS, the salting-out effect was tested by addition of 2 g -5 g of sodium chloride. Although efficient stirring can enhance recovery of SBSE, a high stirring speed could, however, affect mass transfer of the analytes into the PDMS phase during the equilibrium process, resulting in lower recoveries for some compounds. SBSE efficiency of the studied pesticides was thus evaluated through experiment design with the following factors and levels: stirring speed, 500 rpm and 700 rpm; extraction time, 30 min, 60, 90, 120, 150, 180 min; NaCl amount 2 g, 3 g, 4 g, 5 g per 20 ml of water. When stirring speed was increased from 500 rpm to 700 rpm, recovery of each pesticide after 180 min extraction was enhanced. Thus, we set 700 rpm as the stirring speed for further SBSE assays.
Optimised SBSE conditions
The optimization of parameters that influence the partition of analytes between a liquid sample and the PDMS phase are important for SBSE technique.
String rate, ionic strength, pH, solvent content and the appropriate time period for the extraction are the main parameters that were optimized for this work. The linearity of response of GC-MS in SIM mode was checked in the range of concentrations from 5 ngL −1 -1000 ng.L −1
. For all tested pesticides calculated R 2 were in the range 0.98 -1.000. Instrumental LOQs calculated from calibration measurements at the lowest calibration levels are ranged 1.8 ngL −1 -21 ngL −1 except pyraclostrobine (Tab. III) . LOQs were calculated from signal to noise (S/N) ratios (1:10).
The optimized conditions were established as follows concerning water ionic strength, stirring time and speed, and desorption solvent and time, respectively: 4 g NaCl were added to 20 mL of pre-filtered water, extraction was performed during 150 min at 700 pm and desorption was carried out with 200 μ L of ACN during 30 min under sonication at room temperature. These experimental optimized conditions were used for the validation step.
Samples were fortified at the concentration levels 5 ngL −1 and 100 ngL −1 and samples were evaluated by analysing six fortified water samples on the same day. Relative standards deviations (RDS %) for repeatability are given in Tab. IV.
Real sample analysis
In order to test the feasibility of the developed fast GC-MS method for the routine analysis of pesticide residues, three real water samples collected in slovak river Dunaj were analysed for the target compounds. No tested pesticides were found in the samples. 
CONCLUSION
The optimised SBSE method followed by Fast GC-MS for determination selected pesticide residues in river water was developed. The method has practical advantages, such as no solvent consumption, no addition of inert salts, small sample volume, can be performed at room temperature and simplicity of extraction compared to extraction techniques such as SPE or LLE.
